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[57] - ABSTRACT

The drive circuit for driving a cascode bipolar MOS
circuit (1) has a bipolar transistor (21) coupled to a
bipolar transistor (11) in the bipolar MOS circuit (1)

through a Darlington connection. A base current for

the bipolar transistor (11) is supplied through the other
bipolar transistor (21), without a transformer. |

4 Claiﬁls, 2 Drawing Sheets
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| MOSFET 12. The bypass current serves as an inverse

1

DRIVE CIRCUIT FOR DRIVING CASCODE
| BIPOLAR-MOS CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention :

The present invention relates to a power semiconduc-
tor device employed in a frequency converter such as a
DC-AC inverter or the like, and more particularly, it
relates to a drive circuit for driving a cascode bipolar-
MOS circuit (hereinafter referred as “BiMOS”).

2. Description of Background Arts

FIG. 1 shows a conventional drive circuit for driving '
a cascode BiMOS 1 in which a bipolar transistor 11 and.

a power MOSFET 12 are coupled to each other
through a cascode connection. A diode 13 1s provided
in anti-parallel to the cascode connection, to serve as a
bypass when a reverse current is supplied to the cascode
BiMOS 1. Between the base of the bipolar transistor 11
and the source of the MOSFET 12, a Zener diode 2 is
inserted so that the anode of the Zener diode 2 is con-
nected to the source of the MOSFET 12. A capacitor 3
is connected to the Zener diode 2 in parallel. A signal
source 4 generates a control signal which is delivered to
the gate of the MOSFET 12. A power for driving the
signal source 4 is supplied from a power source 5. An-
other power source 6 is inserted between the signal
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source 4 and the source of the MOSFET 12, to applya

constant voltage level to the source of MOSFET 12 and
the other elements connected thereto. The cascode
BiMOS 1 is inserted in a current path CP fromed as a
current line, and the current path CP can be opened or

closed through a switching operation in the cascode

BiMOS 1. The current pass CP is connected a power
source (not shown) at the exterior of FIG. 1.

A current transformer 7 having terminals T1 to T4 is
also inserted in the current path CP so that the terminals
T4 and T3 of an internal current line L are connected to
the current path CP and the cascode BiMOS 1, respec-
tively. Within the other terminals T1 and T2, the hot
terminal T1 is connected to the source of the MOSFET
12, and the cold terminal T2 is coupled to the base of the

bipolar transistor 11 through a diode 8 and a resistance’

9.

When the control signal is generated in the signal
generator 4 to be given to the gate of the power MOS-
FET 12, the MOSFET 12 is turned on. The capacitor 3
is previously charged through a prior ON/OFF cycle
of the drive circuit. In response to the turning-on of the
MOSFET 12, the emitter voltage of the bipolar transis-
tor 11 is dropped, so that the capacitor 3 is discharged
through the bipolar transistor 11 and the MOSFET 12.
Accordingly, the collector current of the bipolar tran-
sistor 11 begins to flow through the current path CP, to
induce a secondary current in the current transformer 7.
The secondary current is delivered to the base of the
bipolar transistor 11 through the diode 8 and the resis-
tance 9, to serve as the base current required t0 maintain
the turning-on state of the bipolar transistor 11. There-
fore, the cascode BiMOS 1 closes the current path CP
to allow a stationary current to flow along the current
path CP.

Then, the control signal source stops to deliver the
control signal, so that the power MOSFET 12 is turned
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base current to disenable the bipolar transistor 11, and
the bipolar transistor 11 is turned off soon. Accord-
ingly, the cascade BiIMOS 13 opens the current path CP
to inhibit a current from flowing along the current path
CP. The capacitor 3 is again charged through the pres-
ent ON/OFF operation cycle of the drive circuit for the

next operation cycle.

Through the above described operation, the cascode
BiMOS 1 1s driven so as to control the current passing
through the current path CP in response to the control

‘signal. In place of the current transformer 7, an ordinary
‘transformer 10 shown in FIG. 2 may be employed,

where the terminals T1 and T4 are replaced with termi-
nals TS to T8, respectively. |

In the conventional drive circuit, the current trans:
former 7 or the transformer 10 is employed to supply
the base current to the bipolar transistor 11, so that the _
size of and the power loss in a device employing the
circuit shown in FIG. 1 are large, and the switching
speed in the driving operation is low. Further, the char-
acter of the device such as a duty ratio depends on the
intrinsic character of the transformer 7 to 10, and the
degree of freedom in the design of the device 1s consida-

~ rably hmited.

SUMMARY OF THE INVENTION

The present invention is intended to a drive circuit
for driving a cascode bipolar-MOS circuit having a first
bipolar transistor and a MOS transistor coupled to each
other through a cascode connection, said bipolar-MOS
circuit being inserted in an current path to open and
close said current path in résponse to a control signal
supplied from the exterior of the cascode bipolar-MOS
circuit to a gate of the MOS transistor.

According to the present invention, the drive circuit

- comprises a second bipolar transistor coupled to the

first bipolar transistor through a Darlington connection;
current supply circuit coupled to a base of the second
bipolar transistor for supplying a base current to the
base of the second bipolar transistor; a diode inserted
between the base of the second bipolar transistor and a

- base of the first bipolar transistor for allowing a current
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off to force the bipolar transistor into an emitter cut off 65

state. The collector current of the bipolar transistor 11
changes its pass, to flow through the base of the bipolar
transistor 11 and the Zener diode 2 while bypassing the

to pass through the diode only in a direction from the
base of the first bipolar transistor to the base of the
second bipolar transistor; and a Zener diode having a
cathode coupled to the base of the second bipolar tran-
sistor and an anode coupled to a source electrode of the

MOS transistor.

Preferably, the drive circuit further comprises a ca-
pacitor inserted between the base of the first blpolar
transistor and the source electrode.

In an aspect of the present invention, the first and
second bipolar transistor are npn transistors, respective
collectors of the first and second bipolar transistor are
connected with each other, and an emitter of the second
bipolar transistor is connected with the base of the first
bipolar transistor. |

The f{irst bipolar transistor mcluded in the BIMOS is
driven through the second bipolar transistor, which is
provided in place of the transformer in the conventional
drive circuit, and a device employing the present drive
circuit 1s small 1n size and in power loss, since, in gen-
eral, a transistor is small in size and it operates with a
small current. No reactance is required according to the
present invention, and therefore, the switching speed in
the device is improved. These desirable characters of
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the drive circuit contribute to the improvement in the
total character of a device employing the same.

 Accordingly, an object of the present invention is to
provide a drive circuit for driving a cascode BiMOS
whose size 1s small.

Another object of the present invention is to decrease
a power loss in the drive circuit.

Further another object is to improve the drive
switching speed in the drive circuit.

Further another object is to increase the degree of

freedom in a design of a device employing the drive
circuit, by elumnatmg a transformer from the drive

circuit.
These and other objects, features, aspects and advan-

tages of the present invention will become more appar-
ent from the following detailed description of the pres-
ent invention when taken in conjunction with the ac-

companying drawings. |
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing a conventional
BiMOS drive circuit,
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FIG. 2 is a diagram showing a transformer employed -

in the conventional BIMOS drive circuit, and
FIG. 3 is a circuit diagram showing a BIMOS drive

circuit according to a preferred embodiment of- the
present invention. -

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A BiMOS drive circuit according to a preferred em-
bodiment of the present invention is shown in FIG. 3. A
cascode bipolar-MOS circuit (BiMOS) 1 has an npn
bipolar transistor 11 and an n-channel power MOSFET
12 coupled with each other through a cascade connec-
tion. Between the emitter and the base of the bipolar
transistor 11, a resistance 14 is inserted. In anti-parallel
to the serially connected transistors 11 and 12, a diode
13 is provided as a reverse current bypass. The cascade
BiMOS 1 is inserted in a current path CP to open and
close the current pass CP in response to a control signal
supplied from a control signal source 4 to the gate of the
power MOSFET 12. The current path CP may be an
electrical wire. For driving the bipolar transistor 11,
another npn bipolar transistor 21 is coupled to the bipo-
lar transistor 11 through a Darlington connection. The
emiter of the bipolar transistor 21 is connected to the
‘base of the bipolar transistor 11, and respective collec-
tors of the bipolar transistor 21 and 11 are connected
with each other. A pn junction diode 22 is inserted
between respective bases of the transistors 21 and 11 so
that the anode and the cathode of the diode 22 are con-
nected to the bases of the bipolar transistors 11 and 21,
respectively.

A base current of the blpolar transistor 21 in its sta-
tionary turning-on state is supplied from a power source
§ through a resistance 24. The power source 3 is also
connected to the signal source 4 for supplying a power
thereto. Another power source 6 is inserted between the
signal source 4 and the source of the MOSFET 12. A
capacitor 23 is inserted between respective anodes of
the power sources 5 and 6. The cathod of a Zener diode
2 1s connected to the base of the bipolar transistor 21,
and the anode of the Zener diode 2 is connected to the
source of the MOSFET 12 which i1s coupled to the
current path CP in the opposite side to the bipolar tran-
sistor 11. Between the base of the bipolar transistor 11
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and the anode of the source of the MOSFET 12, an-
other capacitor 3 is inserted.

-~ The operation of the BiMOS device circuit wﬂl be
described below:

Under the condition where a positive voltage 1s ap-
plied from a power source (not show) to the upper part
CP; of the current path CP in FIG. 3 which 1s con-
nected to the collector of the bipolar transistor 11, the
control signal is generated in the signal source 4 to be
delivered to the gate of the power MOSFET 12. The
control signal may be generated in response to an input
signal given to the signal source 4 from the exterior of
the circuit shown in FIG. 3. Accordingly, the power
MOSFET 12 is turned on, and the base-emitter junction
in the bipolar transistor 11 is forward biased by the
voltage across the capacitor 3 which is previously
charged in the prior operation cycle of the drive circuit.
Therefore, the charge in the capacitor 3 is discharged
through the parallel circuit consisting of the resistance
14 and the base-emitter junction of the bipolar transistor
11 to give an over shoot base current to the bipolar
transistor 11, and the bipolar transistor 11 is turned on.
The discharge in the capacitor 3 brings a voltage drop
to the emitter of the bipolar transistor 21, and the
charge previously stored in the capacitor 23 by the
voltage between the power source 5 and 6 is discharged
through the base-emitter junction in the bipolar transis-
tor 21. The discharge current serves as an over shoot
base current of the bipolar transistor 21, to let the bipo-
lar transistor 21 turn on. A current supplied from the
power source § through the resistance 24 serves as a
stationary base current of the bipolar transistor 21.

A collector current for the bipolar transistor 21 is
supplied from the upper stream side CP; of the current
path CP. An emitter current of the bipolar transistor 21
serves as a base current of the bipolar transistor 11, to
maintain the bipolar transistor 11 at its stationary con-
ductive state. As the result, the current path CP is
closed in the cascode BiMOS 1, and a stationary current
flows. along the current path CP through the cascode
BiMOS 1 in the direction from the upper stream side
CPq to the down stream side CP,. The capacitors 23 and
3 are again charged by the current supplied from the
power source 5 and the emitter current of the transistor
21, respectively.

When the supply of the control signal to the gate of
the power MOSFET is stopped, i.e., the voltage level of
the gate is lowered, the power MOSFET 12 turns off.
Accordingly, the bipolar transistor 11 is formed into an
emitter cut off state, and the collector current of the
bipolar transistor 11 changes its path, to be delivered
from the base of the bipolar transistor 11 to the node
between the diode 22 and the emitter of the bipolar
transistor 21. Since the diode 22 is in forward direction
with respect to the delivered current, the current flows
through the diode 22 and the Zener diode 2, to reach
the downstream side CP3 (lower side in FIG. 3) of the
current path CP. In other words, the collector current
of the bipolar transistor 11 bypasses the power MOS-
FET 12 through the diode 22 and the Zener diode 2, to
be delivered to the downstream side CP> of the current
path CP.

The current above described serves as a reverse cur-
rent for the bipolar transistor 11, to force the bipolar
transistor 11 to turn off. Accordingly, the other bipolar

- transistor 21 is also forced into a partial emitter cut off

state as well as a base-emitter reverse biased state by one
diode forward drop (diode 22)”; and the collector cur-
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rent thereof changes its path to flow through the base of

the bipolar transistor 21 and the Zener diode 2. There-
fore, the collector current of the bipolar transistor 21
bypasses the cascode BiMOS 1 through the Zener diode
2, to reach the downstream side CP; of the current path
CP. The collector current serves as a reverse current
for the bipolar transistor 21, to force the bipolar transis-
tor 21 to turn off. As a result, all of the transistors 11, 12
and 21 are in their respective turning-off states, and the
current path CP is opened in the cascode BIMOS 1, so
that no current flow through the current path CP.

The Zener diode 2 clamps the base voltage level of
the bipolar transistor 21 at the Zener breakdown volt-
age thereof, to prevent the base voltage level from
falling down in the period in which the transistor 11 and
21 are in their respective conductive states.

As understood from the operation described above,

the bipolar transistor 21 connected to the bipolar tran-
sistor 11 through the Darlington connection has a func-
tion similar to that of a transformer employed in the
conventional drive circuit, and therefore, no trans-
former is required in the present invention. The Dar-
lington connection is' substantially disenabled in the
respective turning off state of the bipolar transistors,
since the reverse base currents flow through the diode

22 and the Zener diode 2 while bypassing the Darling-

ton connection. In other words, the Darlington connec-
tion substantially functions only in the turn on period of
the transistors, so that the turning off operation 1s se-
cured.

The drive circuit according to the present invention
needs no reactance, so that the switching speed thereof
is improved. Since the bipolar transistor 11 and 21 turn
off through the respective emitter cut off operation, the
switching speed is further improved. When the bipolar
transistor 11 and 21, the diode 22, the Zener diode 2,
and the cascode BiMOS 1 are received in a common
package, wiring length for connecting these elements
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with each other is decreased to further improve the

switching speed. A degree of freedom in designing a
device employing the present BIMOS drive circuit is
increased, since no transformer is required. The present
drive circuit requires no transformer, and therefore, the
present drive circuit is superior to the conventional one
in low cost and in low power loss.

- Although the present invention has been described
and i1llustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is
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not to be taken by way of limitation, the spirit and scope
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6 .
of the present invention being limited only by the terms
of the appended claims. -

We claim: | |
1. A drive circuit for driving a cascode bipolar-MOS

circuit having a first bipolar transistor and a MOS tran-
sistor coupled to each other through a cascode connec-
tion or series, said bipolar-MOS circuit being inserted in-
a current path to open and close said current path in
response to a control signal supplied from the exterior
of said cascode bipolar-MOS circuit to a gate of said
MOS transistor, said drive circuit comprising:
a second bipolar transistor coupled to said first bipo-
lar transistor through a Darlington connection;
current supply circuit including a D.C. power source
and a first capacitor connected in series through a
connection node which is coupled to a base of said
second bipolar transistor for supplying a base cur-
rent to said base of said second bipolar transistor
wherein said first capacitor supplies a discharge
current as an- over shoot current of said second
‘bipolar transistor to turn on said second bipolar
~ transistor; |
a diode inserted between said base of said second
bipolar transistor and a base of said first bipolar
transistor for allowing a current to pass through
said diode only in a direction from said base of said
- first bipolar transistor to said base of said second
bipolar transistor; and | |
a Zener diode having a cathode coupled to said base
of said second bipolar transistor and an anode cou-
pled to a source electrode of said MOS transistor.
2. A drive circuit in accordance with claim 1, further
comprising a second capacitor inserted between said
base of said first bipolar transistor and said source elec-

trode. | |
3. A drive circuit in accordance with claim 2,

‘wherein

said first and second bipolar transistor are npn transis-
tors,

respective collectors of said first and second bipolar
transistors are connected with each other, and

an emitter of said second bipolar transistor is con-
nected with said base of said first bipolar transistor.

4. A drive circuit in accordance with claim 3,

wherein |

said current supply circuit having said power source
coupled to said base of said second bipolar transis-
tor through a resistance, and said first capacitor
being inserted between said power source and said

source electrode.
* x * ¥ *
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